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With the aid of the thermodynamic similarity method generalized equations for the density of liquid alkali
metals are obtained. Values of the density of liquid rubidium and cesium are calculated up to 600°C.

It is well known that the alkali metals (sodium, potassium, rubidium, and cesium) form a group of thermodynam-
ically similar substances. X-ray studies have shown that the form of atomic packing in the metal (short-range order) is
preserved in the liquid state at temperatures significantly exceeding the melting point. It is known that the density of
liquids depends on the temperature and is practically independent of pressure. The melting point can be taken as the cor-
responding temperature with sufficient accuracy [1].

From the foregoing it follows that the density of the liquid metals forming the given group of thermodynamically
similar substances must be a function of the atomic masses m of the elements concerned, the interatomic distance d(or
atomic radius r = d/2) at the melting point, and the reduced temperature T/Tm:
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where f(‘\T /Ty is a universal function for the given group of thermodynamically similar liquid metals.

Values of the atomic masses and atomic radii are: for sodium, 22.99 amu and 1, 883 f\.; for potassium, 39.096
and 2. 335; for rubidium, 85. 48 and 2.502; for cesium, 132. 91 and 2. 690; and for lithium, 6. 94 and 1. 536. The atomic
radii of the metals at the melting point were determined from the known relationship for a body-centered cubic lattice
[2]. To determine the density of the liquid metals, we used experimental data for sodium and potassium from 100 up to
700°C [3], for rubidium from 39 up to 220.1°C, and for cesium from 28.5 up to 210.9°C [4].

Results of calculations of {T/T) = pr’/m are presented in the figure, from which it is seen that the function
AT /Tm) is expressed as a single straight line, which can be represented by the equation

F(T/Tgy) = 269.5[1 — 0.097 (T/Ty — 1)) @)

Thus, the generalized relationship for determining the density of liquid sodium, potassium, rubidium, and cesium

,has the form
pzw[ 1 —0.097 (Tl—lﬂ (3)
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From equation (3) it is possibie to determine values of the density of liquid alkali metals in the reduced tempera-
ture range 1= T/T,, = 2.9.

The available experimental data on the density of sodium, potassium, rubidium, and cesium agree well with val~
ues calculated from equation (3). In the high-temperature region the devia-
tion of the calculated values from available experimental values does not

3
%’C o~ exceed 0, 5%, i.e., lies practically within the limits of experimental error.
y s —2

250 e -3 The generalized relation (3) was used for calculating the density of

240 \s\‘ a—4 | liquid rubidium and cesium at temperatures up to 800°C (see table).

290 N“"s It is interesting to point out that the relation (8) also proved to be ac-

220 \ curate for liquid lithium, which crystallizes like sodium, potassium, rubidi-
10 15 20 25 /T um, and cesium in a body-centered cubic lattice, although with respect to

a series of other features lithium can not be considered one of the above-
The relation pr’/m = f(T/Tyy) for lig-  mentioned thermodynamically similar group of substances. The deviations
uid alkali metals: 1) sodium; 2) potas- of values of the density of liquid lithium, obtained using equation (3), from
sium; 3) rubidium; 4) cesium the experimental data lie within limits of 1%,
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Density of Liquid Rubidium and Cesium

Rubidium .. .. Cesium

. °C Pealce Pexp’ b oG Pealc Pexp*

' kg/m® kg /m® ’ kg/m® kg /m?

39 1472 1472 28.5 1841 1841 -

99.7 1443 1442 99.6 1799 1797
140.5 1425 1423 140.5 1775 1773
179 1407 1405 210.9 1733 1732
220.1 1388 1387 250 . 1710 —
250 1374 — 300 1680 —
300 1352 —_ 350 1651 —_
350 © 1329 — 400 1621 —
400 1306 — 450 1591 —
450 1283 — 500 1562 —
500 1260 — 550 1532 —
550 1237 — 600 1503 —
600 1214 — — - —
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